Introduction {#S0001}
============

Small cell lung cancer (SCLC) is a lethal tumor accounting for approximately 15% of all lung cancers.[@CIT0001] Comparing with other types of lung cancer, SCLC is characterized by a more rapid doubling time, a higher growth fraction, and earlier development of widespread metastases,[@CIT0002] with around two-thirds of SCLC patients presenting with metastatic disease at diagnosis.[@CIT0003] Despite the chemosensitivity of SCLC, most patients relapse within a year after the initial treatment.[@CIT0004] Prognosis in SCLC is poor. Median survival time has been reported as 23 months for patients with limited-stage disease, 7--12 months for patients with extensive-stage disease, and only 2--4 months for patients without treatment.[@CIT0003],[@CIT0004] It is estimated that there were 250,000 cancer deaths caused by SCLC worldwide yearly, leading SCLC to be a worldwide serious public health problem.[@CIT0001]

Bone metastasis was found in 27--41% of SCLC patients at initial presentation.[@CIT0005] Among patients with bone metastases of SCLC, 70.5% had spinal metastases.[@CIT0006] Spinal cord compression (SCC) is a disastrous complication of spinal metastatic tumor, leading to a substantial and striking change in quality of life (QoL) for patients.[@CIT0007],[@CIT0008] The role for surgical intervention for metastatic SCC is well established with the goal of pain relief, preservation of neurologic function, maintenance of spinal stability, and improving QoL.[@CIT0009],[@CIT0010] Our experience in surgical management of non-small cell lung cancer (NSCLC) spinal metastasis showed that complete disappearance of deficits in spinal cord function after surgery was the most robust favorable prognostic factor of survival,[@CIT0011] and surgical treatment significantly improved the QoL over the nine-month assessment period.[@CIT0012] However, little is known about spinal metastasis of SCLC, because there is a lack of studies due to small numbers of patients and their short survival times. The largest isolated cohort of this complicated disease was reported by Goldman et al in 1989.[@CIT0013] In their study, 24 cases of SCC caused by SCLC were identified from 610 cases of SCLC, and most of them were treated by radiotherapy. The authors emphasized the poor prognosis of this condition, and early prophylactic radiotherapy was also encouraged. Nevertheless, whether patients suffered from SCC caused by metastatic SCLC, such a highly malignant tumor with short life expectancy, benefit from spinal surgery remains unknown.

In this study, we retrospectively reviewed 30 consecutive patients with SCC from metastatic SCLC treated with urgent surgery over a period of 10 years, to provide some useful insight into clinical characteristics, surgical treatment, outcomes, and prognostic factors on this kind of challenging disease.

Methods {#S0002}
=======

A retrospective review was performed of 30 consecutive patients surgically treated for metastatic SCC secondary to SCLC in our spine tumor center between January 2009 and January 2019. This study was approved by the ethics committee of Changzheng Hospital, confirmation of patient written informed consent was obtained from all patients. All procedures performed in studies involving human participants were in accordance with the Declaration of Helsinki.

The clinical and operative records, radiographic images, and pathological reports of all 30 patients were reviewed by two individual researchers. Visual Analogue Scale (VAS), Frankel Grade, and Eastern Cooperative Oncology Group performance score (ECOG-PS) were used to evaluate the degree of pain, neurological status, and performance status, respectively. Positron emission tomography-computed tomography (PET-CT) was done to find possible metastatic sites.

The surgical decision-making was made on the guidance of NOMS framework,[@CIT0014],[@CIT0015] SINS classification system,[@CIT0016] and Bilsky epidural SCC scale.[@CIT0017] Generally, indications for surgery were neurologic deficits caused by SCC, spinal instability or a combination of these, and all operative patients were considered to have the ability to tolerate the proposed intervention based on the extent of systemic comorbidities and tumor burden, and a life expectancy of more than 3 months. The surgical protocol was circumferential decompression of the spinal cord, tumor excision, reconstruction and stabilization of the spine. Cisplatin dissolved in distilled water was applied to soak the surgery field for intraoperative chemotherapy except when the dura was broken.

Clinical management of metastatic SCC caused by SCLC requires a multidisciplinary approach which integrates surgeons, oncologists, radiotherapists and histologists, etc. The combination of cisplatin and etoposide was used as first-line chemotherapy. Postoperative radiotherapy was performed for local control of the residual tumor. Bisphosphonate (zoledronic acid) was administered to help prevent skeletal-related events. Immunotherapy (PD-1 immune checkpoint inhibitor, pembrolizumab, nivolumab, and toripalimab) was also selected on the basis of personalized evaluation. Chemotherapy, radiotherapy, bisphosphonate therapy, and immunotherapy were performed by our multidisciplinary team.

Patients were followed up at 2, 6, and 12 months after surgery, every 6 months for the next 2 years, and once a year thereafter. Overall survival (OS) was defined as the interval between the date of the spinal surgery for metastatic SCLC in our center and the date of death or until June 2019 for alive patients. The last status of patients was obtained from office visit or telephone interview.

Patient-reported QoL was evaluated by the three‐level EuroQol-five-Dimensions (EQ-5D-3L) instrument, which is one of the most frequently applied QoL measurements with five dimensions (mobility, self‐care, usual activities, pain/discomfort, and anxiety/depression). The Chinese-language version of the EQ-5D-3L questionnaire was administered before surgery and at 2-months follow-up for our patients. All EQ-5D-3L questionnaire data were collected and checked by two individual researchers, and missing data were minimized through telephone calls. The overall EQ-5D-3L utility scores (range −1 to 1) were calculated based on the Chinese utility values,[@CIT0018] in which an overall utility score of zero represents death, 1 represents full health, and a negative value indicates that the health state may be even worse than death.

All statistical calculations were performed by SPSS Statistics, version 22.0 (IBM corp., New York, USA). The Kaplan--Meier method was adopted to estimate the OS time, with Log-rank test to identify the difference. Factors with P values less than 0.05 were considered statistically significant and subjected to multivariate analysis using the Cox proportional hazards model to further identify factors that independently predicted survival. Comparison between preoperative EQ-5D-3L utility scores with utility scores at 2-months follow-up was conducted by Student's *t* test. All tests of significance were two‐sided, and P \< 0.05 was considered statistically significant.

Results {#S0003}
=======

Patient Descriptions {#S0003-S2001}
--------------------

The characteristics of 30 patients are shown in [Table 1](#T0001){ref-type="table"}. The series was comprised of 26 men and 4 women, with a mean age of 60.8 years (median 61.5, range 30 to 80). Before finding their primary foci in lung, 24 (80%) patients identified metastatic disease in the spine initially with the common symptom of persistent back or radiative pain. Notably, 13 (43%) patients presented with incomplete paralysis before surgery. SCC of 4 patients located in the cervical spine, 15 patients in the thoracic spine, 11 patients in the lumbar spine. Vertebral tumors were identified in 21 patients, and intraspinal tumors were observed in 9 patients (5 extramedullary-intradural and 4 intramedullary). All patients with vertebral tumor scored higher than 7 in SINS system (range 8 to 17), and the scores of 8--12 and 13--17 were documented in 9 and 12 patients, respectively. According to Bilsky epidural SCC score, all patients with vertebral tumor were classified as Grade 2.Table 1Patient Characteristics and Univariate Analysis of the Prognostic Factors Affecting OSFactorsNOS　Median (m)P**Patient-related factors**Sex, M/F26/49/60.243Age, ≤60 y/\>60 y12/1812/50.339Smoker, no/yes9/216/100.310Onset symptom, pain/other23/79/90.324Duration of symptoms, ≤2 m/\>2 m15/159/90.611Preoperative Frankel Grade, A-C/D-E13/174/90.655Preoperative ECOG-PS, 0--2/3--516/1410/40.285Comorbidity, no/yes18/128/100.821Postoperative Frankel Grade, A-C/D-E\*8/214/100.161Postoperative ECOG-PS, 0--2/3--5\*20/912/3**0.022Tumor-related factors**Tumor size, \<3 cm/≥3 cm11/199/100.596Tumor site, vertebral/intraspinal21/910/80.631Number of spinal lesions, single/multiple24/69/20.868Extraspinal bone metastasis, no/yes25/59/50.117Extrapulmonary visceral metastasis, no/yes23/79/50.262**Treatment-related factors**Surgery for lung cancer, no/yes26/48/120.429Radiotherapy for lung cancer, no/yes27/39/50.500Preoperative embolization, no/yes22/88/90.513Resection mode, total/subtotal22/89/60.209Intraoperative chemotherapy, no/yes5/254/100.592Intraoperative blood loss, ≤2000 mL/2000 mL20/109/60.617Operation time, ≤4 h/\>4 h17/139/90.782Radiotherapy for spinal metastasis, no/yes18/126/120.220Bisphosphonate treatment, no/yes10/204/100.372Systemic chemotherapy, no/yes2/284/90.122Immunotherapy, no/yes19/116/9**0.032Total**309-[^2]

Treatment {#S0003-S2002}
---------

All patients in our series received urgent surgical treatment within 72 hours after diagnosis of SCC. Total resection of spinal tumor was performed in 22 patients, while 8 patients underwent subtotal resection. Postoperative radiotherapy was further performed in 12 patients. For the primary lung tumor, surgery and radiotherapy were performed in 4 and 3 patients, respectively. Systematic chemotherapy was prescribed to all patients, but 2 of them failed to receive chemotherapy due to the poor general condition. 20 patients were treated with bisphosphonate to inhibit osteolysis. After assessment by oncologists and pulmonary physicians, 11 patients further received immunotherapy of PD-1 immune checkpoint inhibitor.

Follow‑up and Outcomes {#S0003-S2003}
----------------------

Postoperative complication was observed in one patient who had surgical site infection and recovered after debridement and antibiotic therapy. No surgical-related perioperative death occurred in this series, but one patient died 1 month after surgery due to rapid progression of the primary lung cancer. For other 29 patients, all had substantial pain relief after spinal surgery. The mean VAS score dropped from 7.2 (range 4 to 10) preoperatively to 2.9 (range 1 to 5) postoperatively. 10 (34%) patients had an improvement of neurological function in their 2-month follow-up. Frankel Grade showed 1-grade improvement in 9 (31%) cases and 2-grade improvement in 1 (3%) case. The general performance status of patients was also improved at least 1-grade of ECOG-PS in 9 (31%) patients, and the rate of patients with ECOG-PS of 0--2 raised from 52% (15 cases) to 69% (20 cases).

The mean follow-up duration was 11.8 (range 1 to 68) months for all patients. 25 (83%) patients died with a mean period of 10.5 months (range 1 to 68) between observing spinal metastasis and death, while 5 (17%) patients are still alive with a mean survival time of 18 months (range 6 to 46). According to Kaplan--Meier curve, the 1-year survival rate in all patients was 29.1%, with the median OS time of 9 (95% CI 4.2--13.8) months. Kaplan--Meier curve of OS for all 30 patients is shown in [Figure 1A](#F0001){ref-type="fig"}.Figure 1(**A**) Kaplan--Meier curve for all patients; (**B**) and (**C**) Kaplan--Meier curves of OS for postoperative ECOG-PS (**B**) and immunotherapy (**C**).

QoL Assessment {#S0003-S2004}
--------------

Among the five dimensions of the EQ‐5D‐3L, health problems in pain/discomfort improved most frequently, followed by anxiety/depression, mobility, self‐care, and usual activities. The mean EQ-5D-3L utility score was 0.3394 (median, 0.339; range −0.149 to 0.795) before surgery, while the mean utility score at 2-month follow-up rose up to 0.5884 (median, 0.604; range 0.22 to 0.887), and the difference was statistically significant (P \< 0.001). Notably, the preoperative EQ-5D-3L utility score was less than zero in 6 patients (20%), emphasizing the terrible condition for patients with SCC caused by SCLC.

Univariate and Multivariate Analysis of Prognostic Factors {#S0003-S2005}
----------------------------------------------------------

The univariate analysis of the prognostic factors affecting OS is shown in [Table 1](#T0001){ref-type="table"}. Patients with postoperative ECOG-PS of 0--2 had a longer OS time than those with the score of 3--5 (P=0.022). OS time significantly increased in patients who received immunotherapy (P=0032). There were no significant differences in other patient-, tumor-, and treatment-related factors.

The above-mentioned two potential prognostic factors were then submitted to the multivariate Cox regression model, and the results showed that both were independent prognostic factors for OS ([Table 2](#T0002){ref-type="table"}). Postoperative ECOG-PS of 3--5 was significantly associated with a higher risk of death (HR=3.14, P= 0.016). The risk of death was significantly decreased in patients who received immunotherapy (HR=0.32, P= 0.016). Kaplan--Meier curves of OS for postoperative ECOG-PS and immunotherapy are shown in [Figure 1B](#F0001){ref-type="fig"} and [C](#F0001){ref-type="fig"}.Table 2Multivariate Analysis of Prognostic Factors Affecting OSFactorsHR (95% CI)PPostoperative ECOG-PS, 0--2/3--53.14 (1.24--7.96)**0.016**Immunotherapy, no/yes0.32 (0.11--0.92)**0.033**[^3]

Discussion {#S0004}
==========

Lung cancer is the most common malignant tumor worldwide. SCLC accounts for 15% of all lung cancers, with more than 180,000 cases per year.[@CIT0003] It is reported that more than a quarter of patients with SCLC developed spinal metastasis, but SCC was identified in only 4% of patients.[@CIT0013] Patients with metastatic SCC caused by SCLC who were candidate for surgical intervention were even rarer and poorly understood. To our knowledge, our study represents the largest series of SCC secondary to SCLC. In this study, 30 consecutive patients with SCLC undergoing surgical treatment for metastatic SCC in the past ten years were reviewed. Our study revealed that urgent decompressive surgery played an important role in improving patients' QoL. Postoperative ECOG-PS and immunotherapy were independent prognostic factors.

Bone metastasis was considered to affect survival negatively. In the series of Kang et al,[@CIT0006] 178 patients with SCLC at extensive-stage were reviewed, 61 of them had bone metastases at the time of diagnosis. 70.5% of patients received chemotherapy with or without palliative radiotherapy, 9.8% received palliative radiotherapy only, and 19.7% did not receive cancer treatment but supportive care. The results showed that OS of patients with bone metastases was shorter than that of patients without bone metastases (4.13 vs 6.17 months, p = 0.015). Early in 1989, Goldman et al,[@CIT0013] reviewed 24 patients with SCC caused by SCLC. Three patients underwent surgical decompression of the spinal cord and radiotherapy. Fourteen patients received radiotherapy, six in conjunction with dexamethasone. Seven patients were given symptomatic treatment only. The median survival from presentation of SCLC was 33 weeks, but only 6 weeks from SCC. In addition, several cases in the literature of spine or spinal cord metastasis from SCLC were also reviewed,[@CIT0019]--[@CIT0027] and the main results are shown in [Table 3](#T0003){ref-type="table"}. The survival time of those cases after spinal metastasis ranged from 6 days to 20 months. In our series, the median OS time was 9 months after spinal surgery. Two main reasons may account for the relatively better prognosis in ours. Firstly, the improvement in systematic chemotherapy and development of new therapeutic strategies in past decades contributed to a better overall prognosis in SCLC.[@CIT0028] Moreover, a stricter inclusion criterion was followed by us. Only patients who had both a slight systemic burden of tumor and a good performance status to tolerate surgical intervention and systematic therapy were included in our study.Table 3Literature Review of Cases of Spine or Spinal Cord Metastasis from SCLCAuthorYearMetastasis SiteTreatment After Spinal MetastasisSurvival Time After Spinal MetastasisMorita[@CIT0019]2019VertebralIntensive supportWithin a monthOsawa[@CIT0020]2018IntramedullaryRadiotherapy, corticosteroid therapy, and chemotherapy20 monthsYasui[@CIT0021]2017EpiduralPalliative care6 daysXiong[@CIT0022]2015Extramedullary-intraduralSurgery and chemotherapy1 yearKatsenos[@CIT0023]2013IntramedullaryChemotherapy and radiotherapy3 monthsLee[@CIT0024]2012Extramedullary-intraduralSurgery and chemoradiotherapy9 monthsLin[@CIT0025]2010Extramedullary-intraduralSurgery1 monthKoutsis[@CIT0026]2006IntramedullaryCorticosteroid therapy and radiotherapy1 monthMurphy[@CIT0027] (4 cases)1983IntramedullaryRadiotherapy1 monthIntramedullaryRadiotherapy1 monthIntramedullaryCorticosteroids, radiation, and surgical treatment3 monthsIntramedullaryRadiotherapy and chemotherapy7 months

Actually, surgery is not always recommended for spinal metastasis of SCLC. Radiotherapy or radiosurgery could be regarded as an appropriate choice for patients with bone-only disease. However, when it develops to SCC, surgery should be encouraged. In our series, all operative patients were presence of neurological risk, including both current neurological signs or symptoms and potential neurological compromise based on Bilsky epidural SCC scale. Mechanical instability assessed by SINS classification system is another indication for surgery in our series, for pathologic fractures do not respond to radiotherapy and chemotherapy. In addition, although pain control was one of the important goals of surgery, pain itself was not a sufficient prerequisite to performing operation.

With the advances in surgical technology and instrumentation, improved outcomes and a broader spectrum of interventions are available to patients with spinal metastatic tumors. Because few patients with extensive-stage disease of SCLC achieve overall treatment response, therapies for symptom control and improved QoL are of particular importance.[@CIT0004] In our series, unbearable pain, the most common chief complaint, was relieved substantially in all patients after operation. Improvements in neurological function and performance status were also observed in 10 and 9 patients, respectively. Notably, ambulation ability (Frankel Grade of D-E) was recovered in four patients who preoperatively lost ambulation ability, and five patients regained their self-care ability (ECOG-PS of 0--2) 2 months after surgery. Moreover, patient-reported QoL assessment has been recognized as one of the most important tools for evaluating treatments. In this study, EQ-5D-3L, which have been widely used in clinical trials over 25 years, was selected as a tool to evaluate the QoL from the perspective of patients, and the EQ-5D-3L utility scores showed a significant improvement postoperatively. Therefore, despite the short survival time in SCLC, spinal surgery played a critical role in improving patients' QoL.

For metastatic spine tumor surgery, it is crucial to prevent postoperative complications to ensure that the iatrogenic effects will not exceed its potential benefits.[@CIT0029],[@CIT0030] In our series, both patients' and surgeons' aspects were controlled to reduce risk of postoperative complications. On the one hand, strict patient selection was conducted to exclude high-risk patients from surgery. On the other hand, surgeries were performed by specialized surgeons with at least 10-year experience in spine tumor surgery. As a result, only one patient suffered from surgical site infection. Patient-related risk factors for postoperative complications including advanced age, poor nutritional status, comorbidities, prior radiotherapy were not observed on this patient. Thus, whether the iatrogenic factors on him, such as preoperative embolization, intraoperative chemotherapy and etc., would influence the likelihood of postoperative complications would be our next research direction.

ECOG-PS is a standard criterion to comprehensively measure and evaluate the living ability of patients. ECOG-PS was reported to be an independent prognostic factor for patients with bone metastasis of SCLC,[@CIT0006] and patients with spinal metastasis of NSCLC.[@CIT0011] Similarly, our results showed that postoperative ECOG-PS of 0--2 significantly predicted favorable prognosis. Understandably, a good health status was important to enable patients to withstand the following systemic chemotherapy and immunotherapy. Meanwhile, bedridden-related problems (such as increased susceptibility to infection, decubitus ulcer, and deep vein thrombosis) could also be avoided in patients with the ability of ambulation and self-care. Therefore, although the goal of surgery for spinal metastasis is palliative, surgery may improve the survival time indirectly for a proportion of patients, especially who regained their self-care ability, by providing them with better performance statuses.

Immunotherapy, especially immune checkpoint inhibitor, has been revolutionizing cancer treatments and has been an active area of investigation in SCLC as well. PD-1 immune checkpoint inhibitor antibodies nivolumab[@CIT0031] and pembrolizumab[@CIT0032],[@CIT0033] exhibited promising efficacy for SCLC and were available to Chinese patients. In our series, 11 patients received immunotherapy of PD-1 immune checkpoint inhibitor after completion of chemotherapy in department of medical oncology. Our results showed that OS time increased in patients who received immunotherapy (9 months vs 6 months), and multivariate analysis confirmed that immunotherapy was an independent prognostic factor.

SCLC is very chemosensitive and, therefore, the standard treatment for patients with SCLC is combination chemotherapy.[@CIT0003],[@CIT0034] Unfortunately, although 35--86% of patients respond to first-line chemotherapy of platinum-etoposide doublet, disease relapses rapidly, and outcomes with second-line treatment of topotecan or amrubicin are poor.[@CIT0031] In our series, intraoperative chemotherapy was used for selected patients under the hypothesis that local accumulation of anticancer agents leads to enhanced efficacy with decreased systemic toxicity. Postoperatively, all patients were transferred to department of medical oncology, and received chemotherapy performed by our multidisciplinary team except for the two who had the poor general condition after surgery. Radiotherapy represents the major treatment of patients with spinal metastases. New advances in radiation technology, such as spine stereotactic body radiotherapy, have allowed delivery of higher doses of radiation to the target volume with minimal injury to surrounding tissue. In our series, because the presence of SCC was oncological emergency, prompt surgical decompression rather than radiotherapy was the first choice of treatment. Radiotherapy was performed postoperatively in 12 patients. Our results showed that a longer OS was achieved in both patients who received systemic chemotherapy (9 months vs 4 months) and patients who received postoperative radiotherapy (12 months vs 6 months). But largely due to the limited sample size, these differences were not statistically significant. Other therapies, such as bisphosphonate treatment, surgery and radiotherapy for lung were also failed to show their significant improvements for OS in our series, and their efficacy needs further investigations.

Several limitations of this study should be mentioned. Firstly, the retrospective nature is the main limitation. Secondly, all patients enrolled in this series received surgical intervention. There was no control group treated without surgery. Thirdly, we did not design subgroups for analyses of chemotherapy and immunotherapy based on detailed therapeutic schemes due to the limited sample size. Fourthly, it is also because of the small sample size, we failed to analyze the risk factors for postoperative complications in depth.

Conclusions {#S0005}
===========

In conclusion, through analysis of 30 consecutive patients surgically treated for metastatic SCC from SCLC, we concluded that despite the short life expectancy, prompt surgical decompression is extremely necessary for patients with SCC caused by SCLC, for surgery played a critical role in improving patients' QoL. Postoperative ECOG-PS of 0--2 and immunotherapy were identified to be favorable prognostic factors for OS. Consideration of these findings might be helpful in treating patients with metastatic SCC from SCLC. A promising outcome might be achieved by timely surgical intervention followed by standard chemotherapy and further immunotherapy for selected patients.
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